Platelets participate in the development of liver fibrosis in animal models, but little is known about the benefit of antiplatelet agents in preventing liver fibrosis in humans. We therefore explored the relationship between the use of antiplatelet agents and liver fibrosis in a prospective cohort study of patients at high risk of liver fibrosis and cardiovascular events. Consecutive patients undergoing elective coronary angiography at the University Hospital Frankfurt were prospectively included in the present study. Associations between use of antiplatelet agents (acetyl salicylic acid, P2Y12 receptor antagonists) and liver fibrosis were assessed in regression models, and the relationship between platelet-derived growth factor beta (PDGF-β) serum concentration, platelets, liver fibrosis, and use of antiplatelet agents was characterized. Out of 505 included patients, 337 ( 
N onalcoholic fatty liver disease (NAFLD) is one of the most common causes of chronic liver diseases among adults in Western countries. (1) The term NAFLD covers a wide disease spectrum from varying grades of steatosis to nonalcoholic steatohepatitis, which can progress to liver cirrhosis and hepatocellular carcinoma in a relevant proportion of affected individuals. (1, 2) In addition to liver-related morbidity and mortality, there is a close relationship between NAFLD and cardiovascular disease (CVD) as NAFLD can be considered a hepatic manifestation of the metabolic syndrome. (2, 3) The presence of liver fibrosis further increases the risk of developing CVD as well as mortality from CVD. (4) (5) (6) In view of these facts, international guidelines recommend screening for CVDs in patients with NAFLD.
Therapeutic modalities to improve NAFLD and liver fibrosis in general are insufficient. There is emerging evidence that platelets play an important role in the establishment and progression of liver disease. (9) Platelets release factors, such as PDGF-β, chemokine (C-X-C motif ) ligand 4, or serotonin, that participate in liver fibrosis progression either by direct activation of hepatic stellate cells (HSCs) or by recruiting inflammatory cells to the liver. (9) Serotonin released by platelets could also reduce blood flow in the hepatic microcirculation by activating the contraction of HSCs or liver sinusoidal endothelial cells (LSECs). (10, 11) Furthermore, platelets sequestrate in the liver sinusoids during liver damage where they license LSECs to express chemokine receptors; this further amplifies the hepatic influx of innate and adaptive immune cells. (9) Although antiplatelet strategies have been shown to have a beneficial effect in animal models of chronic liver disease, little is known about the potential to ameliorate liver fibrosis of antiplatelet medications in humans. (9) In the present study, we explored the relationship between the use of antiplatelet agents and the presence of liver disease in a large prospective study of patients with CVD.
Patients and Methods

patients
The present analysis is a substudy of a prospective monocenter trial assessing the relationship between NALFD and coronary artery disease (CAD) (ClinicalTrial.gov NCT01638832). The original trial included 576 consecutive patients undergoing elective coronary angiography at the cardiology department of the University Hospital Frankfurt between January 2012 and October 2014. Indications for coronary angiography were suspected first-time manifestation of CAD or suspected progression of known CAD in >88% of patients. Main exclusion criteria of the primary study were acute myocardial infarction, ascites, pregnancy or breastfeeding, and age younger than 18 years; details are described in Friedrich-Rust et al. (12) Clinical and demographic variables as well as laboratory test results were obtained before coronary angiography.
Patients were included in the present subanalysis if a valid TE test result to determine the degree of liver fibrosis was obtained (details below). Informed consent was obtained from all participants, and the study protocol was approved by the ethics committee of the University of Frankfurt.
Clinically significant CAD was defined as the presence of relevant coronary stenosis (i.e., ≥75% stenosis of the vessel diameter). Liver fibrosis was primarily assessed by TE using a FibroScan 502 touch device (Echosens, Paris, France) with the FibroScan M-Probe (3.5 MHz; shear wave frequency 50 Hz; depth of measurement 25-65 mm). To detect liver fibrosis, we chose a TE cutoff value of 7.9 kPa. In addition, serologic testing for liver fibrosis was performed using the FibroTest. (13) Controlled attenuation parameter (CAP) was used to quantify hepatic steatosis. A CAP cutoff value of 234 dB/m was used to define the presence of steatosis. (14) Nonalcoholic steatohepatitis was suspected in cases of a CAP value ≥324 dB/m in combination with a TE value ≥7.9 kPa in the absence of alcohol consumption >10 g/day or 20 g/day in female and male study participants, respectively.
QuantifiCation of pDgf-Β serum ConCentration
PDGF-β serum quantification was performed in the subgroup of patients for whom stored serum samples were available. PDGF-β in serum was quantified using the Human PDGF-BB Quantikine Enzyme-Linked Immunosorbent Assay Kit (R&D Systems) according artiCle information:
to the manufacturer's instructions. Samples and standard curve values were measured at 450 nm on an EnVision 2104 Multilabel Plate Reader (Perkin Elmer).
statistiCal analyses
Associations of outcomes with continuous or dichotomic variables were assessed in linear and logistic regression models, respectively. After univariate analyses, multivariate analyses were performed for significant associations. Multivariate models were obtained by backward selection, using P > 0.15 for removal from the model. Group differences were assessed by means of 2 contingency tables or Wilcoxon-Mann-Whitney U tests, as appropriate.
Results
stuDy population
A total of 505 patients were included in the present study based on the above defined inclusion criteria. Of the included patients, 134 (27%) had liver fibrosis defined as a FibroScan TE value ≥7.9 kPa. Demographic and clinical characteristics of patients according to the presence or absence of liver fibrosis are shown in Table 1 . Of the entire study population, 337 (67%) were on antiplatelet therapy at the time of study inclusion, i.e., the time of assessment for liver fibrosis. Of those, 162 (48%) patients were receiving monotherapy with acetyl salicylic acid, 26 (8%) patients were receiving monotherapy with a P2Y12 receptor antagonist (clopidogrel, prasugrel, or ticagrelor), and 149 (44%) patients were receiving combination therapy with antiplatelet agents of both classes. Clinical characteristics according to the intake of number and class of antiplatelet agents are shown in Table 2 .
assoCiation Between use of antiplatelet agents anD liVer fiBrosis
To assess the statistical relationship between use of antiplatelet agents and liver fibrosis, we performed Male sex, n (%)
116 (71) 276 (82) 135 (84) 19 (73) 122 ( 294 (88) 133 (83) 23 (88) 138 (93) <0.001
<0.001
Intake of antidiabetic medication, n (%)
26 (16) 78 (23) 39 (24) 2 (7.7) 37 ( Abbreviations: ALT, alanine aminotransferase; EtOH, ethanol; FLI, fatty liver index; γGT, gamma-glutamyltransferase; HbA1c, hemoglobin A1c; HDL, high-density lipoprotein;
INR, international normalized ratio; LDL, low-density lipoprotein. *P value for no versus any antiplatelet agent; † P value for no versus one versus two antiplatelet agents.
logistic regression analysis of factors predicting the presence of liver fibrosis (defined as a TE value ≥7.9 kPa). In univariate analysis, age (P = 0.0006), male sex (P = 0.01), aspartate aminotransferase (AST) levels (P = 0.005), lower platelets (P = 0.0006), and the presence of diabetes (P = 0.001) were associated with liver fibrosis (Table 3) . Furthermore, the use of antiplatelet agents was inversely associated with the presence of liver fibrosis in a dose-dependent manner, i.e., a stronger association was observed for the intake of one versus two antiplatelet agents (OR, 0.76; 95% CI, 0.59-0.98; P = 0.036) ( Table 3 ; Fig. 1 ). Multivariate analyses revealed an independent inverse association between use of platelet agents and the presence of liver fibrosis (model 1: OR, 0.70; 95% CI, 0.53-0.94; P = 0.02; model 2, in which platelets were excluded due to a possible interaction with use of antiplatelet agents: OR, 0.67; 95% CI, 0.51-0.89; P = 0.006) ( Table 3) . Comparable results were obtained in linear univariate and multivariate analyses of FibroScan TE values as continuous variables (Table 4 , models 1 and 2), although statistical significance was lost after inclusion of the use of statins and antidiabetic drugs in this (but not in the above described logistic) regression analysis (Table 4 , model 3). Furthermore, an analysis of the use of beta blockers and liver fibrosis was performed to exclude beta blockers as a potential confounder. Of note, a positive association between the use of beta blockers and liver fibrosis was observed in contrast to the inverse association with antiplatelet agents for the association of beta blockers and liver fibrosis (adjusted OR, 3.79; 95% CI, 2.16-6.66; P = 0.00003) and the association of antiplatelet agents and liver fibrosis after inclusion of the two variables (adjusted OR, 0.64; 95% CI, 0.49-0.85; P = 0.002). Due to the strong association of male sex with liver fibrosis as well as the fact that male patients were more frequently on antiplatelet agents, we performed a subanalysis of the male patients. The inverse association between antiplatelet agents remained highly significant in the subgroup of male patients, whereas statistical significance was lost in the subgroup of female patients (data not shown) (Supporting Table S1 ). Furthermore, the inverse association between antiplatelet agents and liver fibrosis remained significant (at least in the multivariate model) if patients with proven liver steatosis (n = 362) were analyzed exclusively (multivariate P = 0.03; Supporting Table S2 ) or if only patients with definite exclusion of right heart failure and FibroScan test results with interquartile ranges >30 (n = 392) were analyzed (Supporting Tables S3-S5) .
In addition to TE-based quantification of liver fibrosis, we calculated a serologic test (FibroTest) to quantify the degree of liver fibrosis. In univariate linear regression analyses, the use of antiplatelet agents was also inversely associated with FibroTest values (beta, -0.38; SD beta, 0.15; P = 0.02). This association remained significant after adjustment for age, sex, AST levels, and presence of diabetes (multivariate beta, -0.38; SD beta, 0.15; P = 0.01) ( Table 5 ).
relationsHip Between antiplatelet agents, liVer fiBrosis, anD pDgf-β serum leVels
PDGF-β is a well-characterized mediator of hepatic fibrogenesis in animal models and humans. (15) (16) (17) Therefore, we explored the relationship between PDGF-β, liver fibrosis, and use of antiplatelet agents. Serum for quantification of PDGF-β concentration was available in a subgroup of 266 patients of the entire study population. There was a significant correlation between platelet counts and PDGF-β serum concentration (rho, 0.33; P < 0.0001) (Fig. 2A) . Although there was a moderate correlation between platelet counts and the degree of liver fibrosis (defined as FibroScan TE value rho, -20; P < 0.0001), there was no significant correlation between liver fibrosis and PDGF-β serum concentration (rho, -0.07; P = 2). However, the Platelets were excluded from model 2 because platelets and use of antiplatelet agents might be partially dependent variables.
‡ Use of statins and antidiabetic drugs was included in model 3. § Information on antidiabetic drug use was missing in 1 patient. ratio of PDGF-β to platelets was significantly higher in patients with liver fibrosis compared to patients without liver fibrosis (7.3 versus 6.5, respectively; P = 0.048) (Fig. 2B) ; yet, PDGF-β serum levels did not differ between patients who were treated or were not treated with antiplatelet agents (1,346 versus 1,439 pg/ mL, respectively; P = 0.2).
Discussion
In the present study we assessed the relationship between the use of antiplatelet agents and the presence of liver fibrosis in a large cohort of patients at risk for cardiovascular events. Our main finding was an inverse association between the use of antiplatelet agents and the presence and degree of liver fibrosis. Furthermore, there was a significant correlation between platelet levels and serum concentration of PDGF-β, a key driver of liver fibrosis in humans and mice. However, the use of antiplatelet agents had no impact on PDGF-β serum levels. Hence, the mechanistic basis of a possible causal protective role of antiplatelet agents in the progression of liver fibrosis remains to be elucidated.
Emerging data have revealed a pathogenic role of platelets in the pathogenesis of liver fibrosis and inflammation. (9) Platelets sequestrate within hepatic sinusoids during liver injury and interact with hepatic sinusoidal epithelial cells (LSECs), which results in the release of a large number of mediators, such as chemokines, cytokines, growth factors, lipid mediators, or procoagulants. (18) By releasing these mediators, platelets recruit and activate inflammatory cells, including granulocytes, macrophages, and T cells, to the liver and thereby perpetuate liver inflammation. (19, 20) Furthermore, platelet-derived mediators, such as PDGF-β, are potent inducers of HSC transformation to profibrotic myofibroblasts. (17) Additionally, platelets are fundamental regulators of plasma serotonin concentrations, (21) and serotonin results by activation of HSCs and LSECs and the subsequent vasoconstriction to reduced hepatic microcirculation. (10, 11) These and other data suggest that platelets could be attractive targets for antifibrotic and anti-inflammatory therapy of liver diseases. Indeed, a significant number of studies in animal models, such as models of viral hepatitis or NALFD, platelet depletion, or application of the platelet activation inhibitors aspirin or clopidogrel, reduced infiltration of virus-specific T cells and ameliorated hepatic inflammation, fibrosis progression, and hepatocellular carcinoma development. (22) (23) (24) However, data on the impact of antiplatelet agents on liver disease in humans are scarce. (25) In this regard, the results of our prospective study in a collective of patients that included a large number of individuals on antiplatelet agents contribute important data to the literature. Although results of our study are only of an associative nature and antiplatelet agents were not administered with the aim of targeting liver fibrosis, our data further substantiate the hypothesis that platelets could be attractive targets to prevent liver fibrosis progression. Nevertheless, we cannot exclude that the observed associations are due to cofactors, such as the intake of statins, as there was a strong positive correlation between the use of statins and antiplatelet agents in our cohort. Hence, randomized studies are needed and should be encouraged to definitively answer this important question.
It is known that acetyl salicylic acid and P2Y12 receptor antagonists inhibit the release of bioactive mediators, including serotonin, from the platelets' dense granules as well as inhibit the cellular interaction between platelets and epithelial cells or inflammatory cells (26) ; yet, our finding that PDGF-β serum concentration is strongly dependent on platelet counts whereas the use of antiplatelet agents has no impact on PDGF-β serum concentration suggests that acetyl salicylic acid and P2Y12 receptor antagonists may not fully reverse the profibrotic potential of platelets. It is known that other platelet receptors, such as clusters of differentiation (CD)44, can mediate platelet functions despite cyclooxygenase-1 inhibition or P2Y12 receptor blockade. (27) Furthermore, endotoxin translocation from the intestines is a hallmark of advanced liver fibrosis/cirrhosis and endotoxin has been identified is a profound activator of platelets in patients with liver cirrhosis. (28) We speculate that the higher ratio of PDGF-β serum concentration to platelet count in patients with liver fibrosis observed in our study may be explained by such a mechanism.
Our study has several limitations. First, our data cannot confirm a causal role of antiplatelet therapy in the protection from liver fibrosis. For example, patients on antiplatelet agents were more frequently on concomitant statin therapy, which may confound our observations, although no association between statin use and liver fibrosis could be detected. Nevertheless, the results of our study further substantiate the need for a randomized trial of antiplatelet agents in the prevention of liver fibrosis progression. Furthermore, the diagnosis of liver fibrosis was not based on liver biopsy results as this would have been clinically inappropriate in individuals on antiplatelet agents who are at relatively high risk of bleeding complications from liver biopsy. Moreover, the results of our study cannot be extrapolated to patients with advanced liver disease because platelets appear to play an important role in liver regeneration (29) that may be lifesaving in patients with acute or acute-on-chronic liver failure.
In conclusion, our study reveals a protective association between the use of antiplatelet agents and the occurrence of liver fibrosis in a prospective cohort study of patients at high risk of cardiovascular events. A randomized controlled trial is needed to explore the potential of antiplatelet agents as antifibrotic therapy in patients at risk for liver fibrosis progression.
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